ABSTRACT : Genetic variants of Hanwoo mtDNA in the region of cytochrome oxidase subunit I, II and III complex were detected using restriction enzymes. PCR primers were designed based on the bovine mtDNA sequence, and 6 primer sets (Mt4, Mt5, Mt6, Mt7, Mt8 and Mt9) were used. A total of 20 restriction enzymes were used, and 6 restriction enzymes, which were Hinf I, Pvu II, Rsa I, Eco RI, Bgl II, and Msp I, showed genetic polymorphisms. Significant associations between genetic variants and weight traits were observed at WT15 (p<0.05) and WT18 (p<0.01) with Pvu II for Mt9, Bgl II for Mt6 and Rsa I for Mt8 segments in the region of cytochrome oxidase subunit complex. Significant associations were also observed at Mt9-Pvu II and Mt6-Bgl II segments for WT9 (p=0.01), WT12 (p=0.02), respectively. These results suggest that genetic variants of mtDNA in the region of cytochrome oxidase subunit complex may be candidate segments for improvement of animal growth as weight traits. (Asian-Aust.
INTRODUCTION
Mitochondrial (mt) DNA, which is maternally inherited and non-recombining patterns in the nature of animals, is closed circular double helix DNA and the length of the sequence is approximately 16,500 bp (Brown, 1980) . MtDNA encodes for 13 hydrophobic polypeptides, 22 tRNAs and 2 rRNAs, which are related to respiratory-chain and oxidative phosphorylation systems (Anderson et al., 1981) . The respiratory chain is a series of 5 multi subunit enzyme complexes located on the inner mitochondrial membrane. Most of the mitochondrial protein-coding genes, particularly cytochrome subunits, as well as rRNAs, have been used in phylogenetic or population genetic studies.
Interesting findings were focused on the genetic or nongenetic differences on the cytochrome subunits in mtDNA because these subunits may be related to aging and muscle development process. Harman (1972) and Fleming (1985) were the first to postulate that mitochondria may play a role in the aging process. The aging hypothesis of mitochondria proposes that aging results from the accumulation of detrimental mitochondrial DNA mutations during life (Linnane et al., 1989) . In human skeletal muscle, muscle fibers that lack cytochrome oxidase activity also appear and accumulate in an age related manner (Muller et al., 1990; Brieiley et al., 1996) . Several reports have described a decrease in mitochondrial respiratory enzyme activities in human skeletal muscle (Trounce et al., 1989; Cooper et al., 1992; Boffoli et al., 1994; Boffoli et al., 1996) and liver (Yen et al., 1989) with aging. Therefore, genetic variants in the region of cytochrome oxidase subunits may explain different levels of cytochrome subunit activities, which may effect on early muscle development as well as aging. Marin et al. (1998) also reported that bovine cardiac mitochondrial function significantly increased in mitochondrial oxidative phosphorylation and mitochondrial gene expression during the early stages of growth and development. Mitochondrial respiratory function also decreased during aging (Marin et al., 1994) . Therefore, genetic differences on the region of cytochrome oxidase subunit in mtDNA may explain some variation of growth and aging process.
To further understand the regulation of mitochondrial function and biogenesis from early to late muscle development and aging, point mutations in the cytochrome oxidase subunit region of mtDNA were aimed to analyze genetic effects on animal growth as weights.
MATERIALS AND METHODS

Animals
Two hundred thirty one Korean native steers, which were part of the 33 rd progeny test in 2002 and 143 bulls, were used from Hanwoo Experiment Station of the National Livestock Research Institute (NLRI). The cattle were fed a postweaning corn and soybean meal diet, which was formulated to meet NRC (1984) requirements for growing beef cattle.
Sample preparation
Total DNA was prepared from EDTA-blood samples of all animals from Hanwoo Experiment Station of National Livestock Research Institute. The high salt procedure including proteinase K and SDS lysis steps was adapted for the DNA extraction. DNA was ethanol precipitated and resuspended in distilled water.
Design of primers
In Table 1 , the primers for the cytochrome oxidase subunit I (COX I), II (COX II) and III (COX III) region in the mtDNA were designed based on the bovine mtDNA sequence (GenBank accession number, J01394). For the optimal size of the PCR fragments in the analysis procedures of single strand conformation polymorphisms (SSCP) or restriction fragment length polymorphism (RFLP), length of the PCR products were mediated to be expected around 1,000 bp to 1,200 bp.
Polymerase chain reaction
Polymerase chain reaction (PCR) was conducted with a final volume of 20 µl, including 2 µl of 10 × reaction buffer (10 mM Tris, pH 8.3, 50 mM KCl, 0.1% Triton X-100, 1.5 mM MgCl 2 ), 10 µM dNTP, 10 pM of each primer, 50 ng of genomic DNA, and two units of Taq DNA polymerase. After denaturation for 2 min at 95°C, PCR cycles for the mt primers were adapted to 94°C for 45 sec for denaturation, 57°C for 1 min for annealing, and 72°C for 1.5 min for polymerization .
Restriction enzyme digestion
Six microliter aliquots from each PCR reaction mixture were used for restriction endonuclease digestion using 2 units of enzymes under the conditions suggested by the manufacturers. The enzyme used in this experiment were: Alu I, Hae III, Rsa I, Sca I, Msp I, Bgl I, Bgl II, Hinf I, Bam HI, Hind III, Pst I, Pvu II, Hae II, Xho I, Hph I, Kpn I, Apa I, Eco RI, Sma I and Taq I (Promega). These restriction enzymes showed sufficient activity to be used directly in the PCR mixture. Six microliters of the reaction solution for each digestion were loaded on 2% LE agarose gels. Restriction fragments were separated by electrophoresis at 4 V/cm for 1h. The gels were stained with ethidium bromide and photographed under UV light. All the Mt primer sets showed restriction enzyme sites, and therefore, SSCP analysis, which is a powerful tool to detect any single mutation site, was not performed.
Weight traits
Weights were recorded at birth (BW), 6 months of age (WT6), 9 (WT9), 12 (WT12), 15 (WT15) and 18 (WT18) during progeny testing period.
Statistical analysis
Least squares means and standard errors were determined for all measurements with a model including fixed effects of the cytochrome oxidase subunit genotypes, parity, and castration, and a covariate for age of animal. Analysis of variance was conducted using Statistical Analysis System (SAS) general linear models (GLM) procedures, and least squares means were compared using Fisher's least significant difference test (SAS, 1985) with a comparison error rate of 0.05. A total of eight mtDNA segments were genotyped, and all allele effect for the segments was analyzed separately.
The model was Y = µ+g i +p j +c k +bX ijkl +e ijkl where, Y ijkl = dependent variables, µ = overall mean, g i = fixed effect of the i th allele genotype (A and B), p j = fixed effect of the j th parity (1, 2, 3, 4 and 5), c k = fixed effect of the k th castration (1 and 2), bX ijkl = covariate of dependent variable y on age e ijkl = residual error
RESULTS
Genetic variants
Genetic variants of mtDNA were revealed by restriction endonuclease analysis. A total of 20 restriction enzymes (Alu I, Hae III, Rsa I, Sca I, Msp I, Bgl I, Bgl II, Hinf I, Bam HI, Hind III, Pst I, Pvu II, Hae II, Xho I, Hph I, Kpn I, Apa I, EcoR I, Taq I and Sma I) were used. All the restriction enzymes had more than 2 restriction cleavage sites for the region of cytochrome oxidase subunit in Hanwoo mtDNA ( Figure 1 ). Eight out of 20 restriction enzymes (Bgl I, Bam HI, Hind III, Hae II, Xho I, Kpn I, Apa I and Sma I) were found no restriction cleavage sites in the region of cytochrome oxidase subunit of Hanwoo mtDNA. Restriction sites were simulated using mtDNA sequences from GenBank to compare the differences of sequences and restriction sites for our findings. The results were corresponding to the results from simulated restriction sites using the sequences from GenBank. Otherwise, the restriction enzymes (Hae III, Alu I, Sca I, Hinf I, Hph I and Taq I) had restriction cleavage sites on mtDNA without genetic variants. Genetic variants were detected by Rsa I, Msp I, Bgl II, EcoR I, Pst I, Pvu II restriction enzymes from Mt 5 through Mt 9 segments ( Table 2) .
Genotyping of mtDNA
For genotyping of Hanwoo mtDNA in each segment, two alleles were detected in all restriction cleavage experiments using 2% agarose gel electrophoresis, designated A or B, which were existence of restriction sites or not by base substitution. Allele frequencies were estimated for all segments (Table 3) . Allele frequencies by Rsa I restriction endonuclease for Mt6 (COX II region) and Mt8 (COX III region) segments showed similar results.
Effects of genotypes
Statistical significant effects for the weight traits were detected by several restriction segments in the region of cytochrome oxidase subunits in Hanwoo mtDNA (Table 4) . Mt9 segment in the region of COX III restricted by Pvu II enzyme showed genetic variation and significant differences among genotypes for WT9 (p<0.05), WT15 (p<0.05) and WT18 (p<0.01). Significant association between MT6-Bgl II segment and weight traits (p<0.05 at WT12, p<0.05 at WT15 and p<0.01 at WT18) in the region of COX I. Mt8 restricted by Rsa I (p<0.01) segments also explained some variations in WT15 and WT18 as shown in Table 5 . No significant genotype effects were observed at Mt5 and 7 segments. Significant genetic effects for weight traits at the late age stages were detected, but there was no significant genotype effect detected at the early age stages.
DISCUSSION
The nucleotide sequence data for polymorphic sites in mtDNA have been widely used for the studies of molecular evolution, the genetic structure of populations and the estimation of genetic relationships between and within in species (Liu et al., 2004) . Therefore, genetic studies for understanding of genetic functions related to particular phenotypic traits are necessary using mitochondrial DNA because of their fluent genetic variants, which may explain genetic diversity of animals. Therefore, a couple of protocols for finding genetic variants were applied using molecular genetics technologies. Restriction fragment length polymorphism (RFLP) is one of the easiest methods to detect genetic variants for unknown regions, and therefore, restriction enzymes were used to detect genetic variants in Hanwoo mtDNA using a single digestion method. A double digestion method, however, was not conducted because actual restriction sites had to be proved by sequencing to compare exact base differences between our sequences and previous reported sequences. As the abundant polymorphic DNA, many genetic variants in mtDNA using restriction enzymes were reported for cattle by Laipis et al. (1982) , Watanabe et al. (1989) , Bhat et al. (1990) and Amano et al. (1994) . The first mtDNA polymorphisms between and within a single lineage of Holstein cows were reported by Laipis et al. (1982) . Our results for restriction patterns and enzymes were similar to previous studies. From our results, mtDNA polymorphisms were detected by restriction enzymes (Pst I, Pvu II, Rsa I, Eco RI, Bgl II and Msp I), showing genetic differences in the region of cytochrome oxidase subunit I, II and III in Hanwoo. Watanabe et al. (1985) have used 17 restriction enzymes to find genetic variants in mtDNA, and they observed genetic differences using Hind III, Taq I and Msp I restriction enzymes. Later, the same group reported more genetic variants in mtDNA using Bam HI, Bgl II, EcoR V, Hind III, Pst I and Sca I in Philippine cattle. Bhat et al. (1990) also reported genetic variants in mtDNA using Bam HI, Bgl II, Hind III, Hpa I, Pst I and Ava II in Holstein and Indian water buffalo. Chung et al. (1995) also found polymorphism using Pst I, Sca I and Hpa I in Holstein. Genetic variants in our findings, however, might not be the same restriction sites with many previous studies because previous reports did not make any location of the restriction cleavage sites on the mtDNA. The previous studies were focused on finding genetic variants at the whole mt genome or D-loop region, which contains many mutation sites, and also, concerned with construction of physical maps for mtDNA. Even though genetic polymorphisms using same restriction enzymes were found comparing with previous studies, the exact cleavages sites might not be the same. Therefore, because this experiment was aimed to find genetic variants in the specified regions, which were the cytochrome oxidase subunit I, II and III of the mitochondrial DNA in Hanwoo, comparisons for the detection of restriction sites were improper.
To compare restriction sites at the region of cytochrome oxidase in this study with the published sequence data from NCBI, cleavage sites were generated for mtDNA sequences based on Bos Taurus mtDNA sequences from GenBank accession number (J01394). Forty-one different types of restriction enzymes having 214 cleavage sites in the region of cytochrome oxidase were simulated. All the restriction cleavage sites detected in this experiment were belonged to the 214 of simulated cleavage sites, which were generated by computer programs except for Msp I restriction site. The mtDNA sequence reported in GenBank did not have Msp I restriction sites on the region of cytochrome oxidase complex I, II and III. It may be explained by hypotheses that either Hanwoo has different genetic composition comparing with Bos Taurus cattle or the Msp I restriction site is an SNP (single nucleotide polymorphism). Even though Hanwoo is in a phylogenetic line of Bos Taurus for the evolutional relationship, some part of genetic constitution may differ.
Mitochondria have been suggested as being responsible for genetic variation in cytogenetic effects on traits of economic importance because they possess DNA and cytogenetic inheritance. Therefore, it is possible that genetic variants of the mtDNA may be a useful molecular marker for genetic improvement of beef cattle. Faust et al. (1989) suggested that cytogenetic effects of mtDNA could affect animal growth as well as reproduction. Therefore, finding genetic differences within breed should be done in mtDNA as well as genomic DNA. Especially, the region of cytochrome oxidase subunit may be a candidate segment for muscle development and aging because the mitochondria are the main source of energy in the cell. Aging hypothesis proposes that aging results from the accumulation of detrimental mitochondrial DNA mutations during life (Linnane et al., 1989) . If the detrimental mitochondrial DNA mutations during life in the region of cytochrome oxidase subunit are inferred to animal production at certain stages of aging and growth, they would cause cellular and tissue dysfunction. From the genotype effects on weight traits, if there were significant genotype effects on weight traits in a certain growing stage, we may expect that significances from early to late growing stages because genotype is not changed from young to old like proteins are turned over. However, no significant genotype effects were detected at early growing stages even though significant genotype effects were observed in the late of growing stages. If mtDNA polymorphism is highly related to the aging process of animals, then genetic variants can affect in the late of growing stages rather than early growing stages. Therefore, we may expect that significant genetic effects on growth traits may be observed in the late age stages. In this study, genotypic effects on weight were found in the late age stages from WT15 and WT18. However, it is still unclear that these results are from either hypothesis of mtDNA mutation correlated to animal aging and development process or statistical differences of different rate of gene expression for individuals in the late growing stages. Mannen et al. (1998) stated that growing stages from birth to 18 month in animal are varied, and therefore, higher individual variation would be expected in beef cattle.
MtDNA is more vulnerable to damage than nuclear DNA, and therefore, mutation rate comparing with nuclear DNA is 10 times higher. The reason is that mtDNA lacks protective histones, and has few and inefficient repair mechanisms as well as a high rate of turnover. Therefore, numerous mitochondrial DNA mutations (Lin et al., 2004) , which are nucleotide deletions in general, have been demonstrated to appear and accumulate with age in a variety of animal tissues. Also, mitochondrial DNA shows increased damage with age. Muller et al. (1990) and Brierley et al. (1996) reported that muscle fibers that lack cytochrome oxidase activity also appear and accumulate in an age related manner in human skeletal muscle. If mtDNA polymorphisms in the region of cytochrome oxidase are highly related to aging and growth process of animals, the genetic variants can be directly used in the breeding area as genetic markers because all the genetic facts for mtDNA are well known unlikely genomic DNA. However, we believe that the root of the growth and aging process are almost certainly multifactorial events. Even though our research purpose was aimed to detect genetic differences in mtDNA that may effect on growth and aging, major problems are still remained unclear.
The cytochrome oxidase subunit is too great to be explained from the very low levels of mitochondrial DNA mutations. In general, many studies reported that high frequency of mutation sites are around D-loop region. Elizabeth et al. (1997) insisted that mitochondrial DNA is extremely recessive and high levels of mutated mtDNA must be present before there is either a biochemical or clinical abnormality in cells. Our results may be reached to the same aspects with high levels of mutation in the region of cytochrome oxidase subunit. Consequently, with further investigation, our finding suggested that mtDNA mutation in the region of cytochrome oxidase subunit might be a factor to explain growth of animals at different developmental stages in Hanwoo population.
CONCLUSION
Genetic variants of the mtDNA for the cytochrome oxidase subunit I and III significantly influenced weight on late developmental stages, but genotypes from cytochrome oxidase subunit II did not explain significant variation in weight traits. As many previous studies suggested that mtDNA polymorphisms have been linked to differences in performance of certain traits in beef cattle, our findings indicate that mtDNA segments in the region of cytochrome oxidase subunit may be used as a candidate segment for weight traits for beef cattle. Consequently, results of the present study, and future genotypic data from these animals, based on variation in the mtDNA segments, will provide critical information of genetic improvement as a source of candidate genes. Even though some preliminary results for mtDNA effects on important traits, extensive researches were not taken because of shortage for the structured data set, which is materially related Hanwoo population in several generations. Therefore, to better understand the effects of mtDNA genotype on growing stages, it may be necessary further investigation with well unequivocally assigned Hanwoo population.
